The regulation of dendritic dopamine release in the substantia nigra (SN) likely involves multiple mechanisms. GABA and glutamate inputs to nigrostriatal dopamine neurons exert powerful influences on dopamine neuron physiology; therefore, it is probable that GABA and glutamate likewise influence dendritic dopamine release, at least under some conditions. The present studies used in vivo microdialysis to determine the potential roles of nigral GABA and glutamate receptors in the regulation of dendritic dopamine release under normal conditions and when dopamine signaling in the basal ganglia is compromised after systemic haloperidol administration. Nigral application of the GABA A receptor antagonist bicuculline by reverse dialysis significantly increased spontaneous dopamine efflux in the SN. However, spontaneous dopamine efflux in the SN was not significantly affected by local application of the glutamate receptor antagonists 6-cyano-7-nitroquinoxaline-2,3-dione or (Ϯ)-3-[2-carboxypiperazine-4-yl]-propyl-1-phosphonic acid. Systemic haloperidol administration significantly increased the extracellular dopamine measured in the SN. Blockade of nigral GABA A receptors by local bicuculline application did not alter this effect of systemic haloperidol, despite the bicucullineinduced increase in spontaneous dendritic dopamine efflux. In contrast, nigral application of either glutamate receptor antagonist significantly attenuated the increases in dendritic dopamine efflux elicited by systemic haloperidol. These data suggest that under normal conditions, activity of GABA afferents to SN dopamine neurons is an important determinant of the spontaneous level of dendritic dopamine release. Circuit-level changes in the basal ganglia involving an increased glutamatergic drive to the SN appear to underlie the increase in dendritic dopamine release that occurs in response to systemic haloperidol administration.
The regulation of dendritic dopamine release in the substantia nigra (SN) likely involves multiple mechanisms. GABA and glutamate inputs to nigrostriatal dopamine neurons exert powerful influences on dopamine neuron physiology; therefore, it is probable that GABA and glutamate likewise influence dendritic dopamine release, at least under some conditions. The present studies used in vivo microdialysis to determine the potential roles of nigral GABA and glutamate receptors in the regulation of dendritic dopamine release under normal conditions and when dopamine signaling in the basal ganglia is compromised after systemic haloperidol administration. Nigral application of the GABA A receptor antagonist bicuculline by reverse dialysis significantly increased spontaneous dopamine efflux in the SN. However, spontaneous dopamine efflux in the SN was not significantly affected by local application of the glutamate receptor antagonists 6-cyano-7-nitroquinoxaline-2,3-dione or (Ϯ)-3-[2-carboxypiperazine-4-yl]-propyl-1-phosphonic acid. Systemic haloperidol administration significantly increased the extracellular dopamine measured in the SN. Blockade of nigral GABA A receptors by local bicuculline application did not alter this effect of systemic haloperidol, despite the bicucullineinduced increase in spontaneous dendritic dopamine efflux. In contrast, nigral application of either glutamate receptor antagonist significantly attenuated the increases in dendritic dopamine efflux elicited by systemic haloperidol. These data suggest that under normal conditions, activity of GABA afferents to SN dopamine neurons is an important determinant of the spontaneous level of dendritic dopamine release. Circuit-level changes in the basal ganglia involving an increased glutamatergic drive to the SN appear to underlie the increase in dendritic dopamine release that occurs in response to systemic haloperidol administration.
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Nigrostriatal dopamine neurons release dopamine similarly from axon terminals and somatodendritic regions (Geffen et al., 1976; Paden et al., 1976; Wilson et al., 1977; Heeringa and Abercrombie, 1995) . Dendritic dopamine release is probably regulated by dopamine neuron electrical activity (Rice et al., 1997; Jaffe et al., 1998) , which importantly depends on the influence of GABA-and glutamate-containing afferents (Scarnati and Pacitti, 1982; Johnson et al., 1992; Smith and Grace, 1992; Chergui et al., 1994; Tepper et al., 1995; Iribe et al., 1999; Paladini et al., 1999) . Therefore, the activity state of GABA and glutamate afferent inputs influences somatodendritic dopamine release; moreover, such regulation may differ depending on the relative state of basal ganglia functioning.
Dopamine neurons are densely innervated by inhibitory GABAergic afferents (Nitsch and Riesenberg, 1988; Bolam and Smith, 1990; Tepper et al., 1995) and also receive excitatory glutamatergic inputs (Jackson and Crossman, 1983; Kita and Kitai, 1987; Naito and Kita, 1994) . Nigral application of GABAergic antagonists increases the extracellular dopamine recovered in the striatum and substantia nigra (SN) (Westerink et al., 1992b) , suggesting that endogenous GABAergic tone in the SN maintains a powerful inhibitory influence over spontaneous dopamine release from nerve terminals and dendrites. Stimulation of nigral glutamatergic afferents to the SN or nigral application of glutamate agonists increases striatal and nigral dopamine efflux (Mintz et al., 1986; Araneda and Bustos, 1989; Westerink et al., 1992a,b; Rosales et al., 1994) . Thus, glutamatergic input to dopamine neurons can stimulate dendritic dopamine release and, like GABA, glutamate can regulate nerve terminal and dendritic dopamine release. Whether a tonic glutamate influence participates in the regulation of spontaneous dendritic dopamine release, however, has yet to be determined.
Examining the relative contributions of GABA and glutamate afferents to the SN in relation to evoked changes in dendritic dopamine release may add additional insight into the relative involvement of these inputs in the regulation of this process under normal versus pathological conditions. Dopamine loss within the basal ganglia in Parkinson's disease is thought to result in an increased role for afferent control of the SN by glutamate as well as a diminution of the concomitant influence of nigral GABAergic inputs (Miller and DeLong, 1987; Bergman et al., 1990; Robledo and Feger, 1991; Bergman et al., 1994; Kreiss et al., 1996) . Systemic haloperidol administration produces an acute drug-induced parkinsonian state and increases somatodendritic dopamine efflux (Abercrombie et al., 1998; Bradley et al., 2000) . Furthermore, catalepsy produced by haloperidol administration is disrupted by glutamate receptor antagonist application into the subthalamic nucleus (STN). The latter provides glutamatergic input to the SN and is known to be hyperactive in parkinsonism (see above) (Miller and DeLong, 1987; Miwa et al., 1998b) . Interestingly, intracerebroventricular application of the glutamate antagonist kynurenate abolishes increases in dopamine neuron firing rate produced by systemic haloperidol (Tung et al., 1991) .
The aim of this study was to investigate potential differences in the relative roles of nigral GABA and glutamate afferents in the regulation of spontaneous dendritic dopamine release compared with evoked dendritic dopamine release produced by systemic haloperidol administration.
MATERIALS AND METHODS
Animals. Adult male Sprague Dawley rats (Z ivic-Miller Laboratories, Pittsburgh, PA) were used in all experiments. Animals were housed individually in plastic shoebox cages and supplied with food and water ad libitum. Animals were kept under conditions of constant temperature (21°C) and humidity (40%) and maintained on a 12 hr light /dark cycle. Rats weighed between 275 and 325 g at the time of each experiment. All efforts were made to minimize animal suffering and to limit the number of animals used for these experiments. Animal procedures were conducted in accordance with the National Institutes of Health Guide for the Care and Use of Laborator y Animals (revised 1985) , and all protocols were approved by the Rutgers University Institutional Animal C are and Use Committee.
Microdial ysis probe construction and implantation. Microdialysis probes were of the vertical concentric design adapted from previously described methods (Abercrombie and Finlay, 1991) . Polyethylene tubing (PE-10 tubing; C lay Adams, Parsippany, NJ) served as the inlet to the probe, and f used silica capillary tubing (Polymicro Technologies, Phoenix, AZ) served as the outlet. The silica tubing was inserted through the wall and into the lumen of the PE-10 tubing such that it extended 10 mm past the tubing tip. A semipermeable microdialysis membrane (molecular weight cutoff ϭ 6000; outer diameter ϭ 200 m; Spectrum Laboratories, Rancho Dominguez, CA) was placed over the end of the exposed silica tubing, and the tip of the membrane was plugged with epoxy. The silica tubing was fixed into position with epoxy, and the exposed portion of the dialysis membrane was coated with a thin epoxy layer, leaving a 1.5 mm long active exchange area at the end of the probe. The microdialysis probes were continuously perf used with artificial C SF solution (in mM: 147 NaC l, 2.5 KC l, 1.3 C aC l 2 , 0.9 MgC l 2 , pH Ϸ 7.4) at a rate of 1.5 l /min with a syringe pump (Harvard Apparatus, Holliston, M A).
Before implantation, probes were calibrated to determine relative in vitro recovery rates to exclude dysf unctional microdialysis probes. Probes were considered dysf unctional if recovery was not within the range of 10 -15% relative recovery. Animals were anesthetized with chloral hydrate (400 mg / kg, i.p.) or sodium pentobarbital (50 mg / kg, i.p.) and mounted into a stereotaxic device (David Kopf Instruments, T ujunga, CA). Probes were set at a 30°lateral angle and implanted into the SN at the following coordinates: anteroposterior, Ϫ5.1 mm; mediolateral, Ϯ5.6 mm relative to bregma; and dorsoventral, Ϫ8.0 mm below dura (Paxinos and Watson, 1986; Heeringa and Abercrombie, 1995) . The probe assembly was fixed to the skull with fast-curing dental cement and three skull screws. The inlet of the probe was connected to a single-channel fluid swivel (Instech Laboratories, Inc., Plymouth Meeting, PA), thus allowing the animal to move freely. E xperiments were conducted at least 18 hr after probe implantation.
Anal ysis of dial ysate. Dialysis samples (20 l) were collected every 15 min and analyzed for dopamine content by HPLC coupled with electrochemical detection. A Velosep RP-18 column (100 ϫ 3.2 mm; Applied Biosystems, Inc., Foster C ity, CA) was used, and the mobile phase was composed of 0.1 M sodium acetate buffer, pH 4.1, 0.1 mM EDTA, 1.2 mM sodium octyl sulfate, and 6.5% (v/ v) methanol. An electrochemical detector (Waters model 460; Millipore Corp., Bedford, M A) with an amperometric electrode set at an applied potential of ϩ0.6 V was used. A solvent delivery pump (model LC -10AD; Shimadzu Corp., Columbia, MD) delivered the mobile phase at a flow rate of 0.7 ml /min. The system was calibrated daily with 20 l of 10 nM standard solution in 0.1 M perchloric acid. Retention time was used to identif y dopamine, which was quantified on the basis of peak height. The limit of detection for dopamine in this analysis was ϳ0.3 pg.
E xperimental manipulations. Haloperidol was dissolved in ϳ40 l of glacial acetic acid, diluted (0.5 mg /ml) in 0.9% saline solution (v/ v), and administered via intraperitoneal injection at a dose of 0.5 mg / kg. In all experiments, at least three consecutive microdialysis samples were collected before drug administration to establish baseline values for spontaneous dopamine efflux (variability of Ͻ10%). In experiments involving local application of bicuculline methchloride, 6-cyano-7-nitroquinoxaline-2,3-dione (C NQX), or (Ϯ)-3-[2-carboxypiperazine-4-yl]-propyl-1-phosphonic acid (C PP) by reverse dialysis, the drug was diluted in the artificial C SF perf usate solution (C NQX and bicuculline, 100 M; C PP, 50 M.) The applied concentrations of C NQX and C PP were chosen on the basis of previous studies demonstrating effective antagonism of evoked increases in striatal dopamine efflux produced by kainate and NMDA, respectively (Keefe et al., 1992) . In all interaction experiments, antagonists were continuously applied locally via the probe beginning 90 min before systemic haloperidol administration to allow sufficient time to achieve a new stable baseline.
Data anal ysis. Data are expressed as mean Ϯ SEM. Values represent picograms of dopamine per 20 l microdialysis sample. Dialysate values are not corrected for in vitro probe recovery. To examine the effect of drug treatments on extracellular dopamine recovery, postdrug samples were compared with the average baseline, and within-group effects were analyzed using a one-way ANOVA with repeated measures over time coupled to Dunn's post hoc test ( p Ͻ 0.05). Between-group differences were assessed by a two-way ANOVA with repeated measures over time ( p Ͻ 0.05).
Histolog y. After completion of each experiment, the animal was given a lethal dose of sodium pentobarbital and perf used transcardially with buffered formalin (10%); the brain was then removed. Coronal slices of 50 m thickness were stained with cresyl violet to verif y placement of microdialysis probes within the SN (Fig. 1) . Only data from experiments with probe placement within the region of the SN ventral to the pars compacta were included in the data analyses.
Materials. Chloral hydrate, sodium pentobarbital, haloperidol, C NQX, C PP, and bicuculline methchloride were purchased from Sigma (St. L ouis, MO). All other reagents and chemicals were of the highest purity commercially available (Fischer Scientific, Springfield, NJ).
RESULTS

Effect of local application of GABA or glutamate receptor antagonists on extracellular dopamine in the SN
Local perfusion with the GABA A receptor antagonist bicuculline (100 M) significantly increased dopamine release in the SN from a baseline level of 0.9 Ϯ 0.1 pg/sample to an overall absolute peak level of 2.6 Ϯ 0.2 pg/sample (F (10,60) ϭ 30.5; p Ͻ 0.01; n ϭ 7) (Fig.  2) . This manipulation produced increased behavioral activation and contralateral turning in most animals lasting for the duration of bicuculline application in the SN. Local perfusion with the non-NMDA glutamate receptor antagonist CNQX (100 M) did not significantly alter the extracellular dopamine level in the SN (F (6,30) ϭ 0.83; p ϭ 0.56; n ϭ 6) (Fig. 2) . Reverse dialysis with the NMDA glutamate receptor antagonist CPP (50 M) also did not significantly alter spontaneous dopamine efflux in the SN (F (6,42) ϭ 1.38; p ϭ 0.24; n ϭ 8) (Fig. 2) . No noticeable behavioral effect was observed with the application of either glutamate receptor antagonist.
Effect of local application of GABA or glutamate receptor antagonists on increases in extracellular dopamine in the SN produced by intraperitoneal haloperidol Systemic administration of the mixed D 2 /D 1 dopamine receptor antagonist haloperidol (0.5 mg/kg) significantly increased extracellular dopamine in the SN from 1.1 Ϯ 0.1 pg/sample to an overall absolute peak level of 1.7 Ϯ 0.2 pg/sample (F (10,60) ϭ 4.16; p Ͻ 0.01; n ϭ 7) (Fig. 3) . This effect was observed in the first postdrug sample and was at least 2.5 hr in duration. Animals displayed markedly decreased levels of behavioral activation for the duration of the experiment.
In separate groups of animals, GABA or glutamate receptor antagonists were applied into the SN via the microdialysis probe, and the effect on haloperidol-induced increases in dendritic dopamine efflux was investigated. Intranigral application of bicuculline (100 M) caused an increase in extracellular dopamine in the SN that reached a plateau 90 min after application and was sustained at this new level (Fig. 4 A) . Based on this observation, intraperitoneal administration of haloperidol was performed 90 min after onset of local drug application in the present experiments.
As observed previously, nigral application of bicuculline (100 M) elicited an increase in spontaneous dopamine efflux in the SN from a baseline level of 0.9 Ϯ 0.1 pg/sample to 2.4 Ϯ 0.2 pg/ sample at 90 min (F (6,42) ϭ 39.13; p Ͻ 0.01; n ϭ 8) (Fig. 4 A) . Ninety minutes after bicuculline was applied via the probe in the SN, systemic haloperidol (0.5 mg/kg, i.p.) elicited an additional significant increase in dendritic dopamine release from 2.4 Ϯ 0.2 pg/sample to an overall absolute peak level of 2.8 Ϯ 0.3 pg/sample (F (6,42) ϭ 3.69; p Ͻ 0.01; n ϭ 8) (Fig. 4 A) . A significant interaction was obtained (F (5,65) ϭ 3.66; p Ͻ 0.01) between the increase in extracellular dopamine in the SN produced by haloperidol in the presence of bicuculline and the dopamine levels observed with bicuculline alone (n ϭ 7). A direct comparison of the absolute increase in nigral dopamine (picograms per sample) elicited by systemic haloperidol alone or by systemic haloperidol administration during local application of bicuculline revealed no significant difference between the two conditions (F (4,52) ϭ 4.03; p ϭ 0.40) (Fig. 4 B) .
Nigral application of CNQX did not affect spontaneous den- . Extracellular dopamine levels after reverse dialysis application of bicuculline, CNQX, and CPP. Bicuculline significantly increased spontaneous dopamine efflux in the SN (n ϭ 7). Local application of CNQX (n ϭ 6) or CPP (n ϭ 8) had no effect on basal levels of extracellular dopamine in the SN. The horizontal bar denotes local drug application by reverse dialysis. All data are mean Ϯ SEM; *p Ͻ 0.05. dritic dopamine release, consistent with previous results (see above). However, local CNQX completely blocked the increased dopamine efflux in the SN produced by systemic haloperidol (F (10,50) ϭ 0.56; p ϭ 0.84; n ϭ 6) (Fig. 5A) . Therefore, a significant interaction was obtained when the effects of systemic haloperidol on extracellular dopamine in the SN in the presence and absence of intranigral CNQX were compared (F (12,132) ϭ 2.75; p Ͻ 0.01).
The ability of systemic haloperidol to increase dendritic dopamine release also was blocked by the presence of CPP in the dialysis perfusate (F (10,70) ϭ 0.75; p ϭ 0.68; n ϭ 8) (Fig. 5B) . Likewise, a significant interaction was obtained when the effects of systemic haloperidol on extracellular dopamine in the SN in the presence and absence of intranigral CPP were compared (F (12,156) ϭ 4.65; p Ͻ 0.01). After the maximum effect of reverse application of bicuculline (horizontal bar) was reached, subsequent systemic administration of haloperidol (0.5 mg/kg; arrow) significantly increased extracellular dopamine in the SN compared with the sample immediately preceding systemic administration of haloperidol (n ϭ 8). Moreover, a significant interaction existed between the increase in nigral dopamine recovery produced by systemic administration of haloperidol in the presence of local bicuculline and that produced by bicuculline alone (n ϭ 7). B, The absolute dopamine increase measured after systemic administration of haloperidol in the presence of intranigral bicuculline compared with haloperidol alone under control conditions (Fig. 3 ). Values were calculated by subtracting postdrug values from the average of the two baselines immediately before systemic administration of haloperidol in the presence or absence of intranigral bicuculline. All data are mean Ϯ SEM; *p Ͻ 0.05. Figure 5 . A, Reverse dialysis with CNQX attenuated the ability of systemic haloperidol (HAL) (0.5 mg/kg; arrow) to significantly increase extracellular dopamine in the SN (n ϭ 6). There was a significant difference between the effect of haloperidol in the presence of CNQX and haloperidol alone. B, Reverse dialysis with CPP blocked the ability of systemic haloperidol (0.5 mg/kg; arrow) to increase extracellular dopamine in the SN (n ϭ 8). There was a significant difference between the effect of haloperidol in the presence of CPP and haloperidol alone. The horizontal black bar denotes local drug application by reverse dialysis. All data are mean Ϯ SEM; *p Ͻ 0.05.
DISCUSSION
The goal of the present studies was to offer insight into the regulation of dendritic dopamine release in the SN by GABA and glutamate, thus contributing to the present understanding of the functioning of basal ganglia circuitry under normal conditions and under conditions when dopamine neurotransmission is compromised. We first examined the involvement of nigral GABA and glutamate receptors in the regulation of spontaneous dopamine release in the SN. In subsequent experiments, we examined the involvement of nigral GABA and glutamate signaling in the increase in dendritic dopamine efflux that was observed to occur in response to intraperitoneal administration of haloperidol. We observed that nigral application of the GABA A receptor antagonist bicuculline via the microdialysis probe significantly increased the extracellular dopamine measured in the SN of unanesthetized rats. Under the same conditions, local application of either the AMPA/kainate glutamate receptor antagonist CNQX or the NMDA glutamate receptor antagonist CPP failed to significantly alter spontaneous dopamine efflux in the SN. The increase in dendritic dopamine release elicited by nigral bicuculline application suggests that nigral GABA afferents maintain a strong inhibitory influence on dendritic dopamine release under normal conditions. In contrast, our data suggest that nigral glutamate afferents play a relatively minor role in the regulation of dendritic dopamine efflux in this situation. As a result, the level of spontaneous dendritic dopamine release normally is determined by activity in GABA afferents rather than by glutamatergic neurotransmission.
We found that dendritic dopamine efflux was increased to a similar extent by systemic haloperidol regardless of whether GABA A receptors were blocked by nigral application of bicuculline. The finding that the increase in the spontaneous efflux of dopamine in the SN produced by local application of bicuculline is additive with the increase in this variable produced in response to systemic haloperidol administration indicates that separate mechanisms are involved in these two effects. Disinhibition of dendritic dopamine release caused by a net reduction in the activity of GABA inputs to SN dopamine neurons cannot account for the effect of systemic haloperidol on dendritic dopamine release in the SN, because dopamine continues to increase after systemic administration of haloperidol in the presence of local bicuculline. An alternative mechanism such as increased glutamate drive to the SN and/or an emergent autoreceptor effect is likely to explain the haloperidol-induced increases in dendritic dopamine release observed under these conditions. We observed that nigral application of the glutamate receptor antagonist CNQX or CPP did effectively prevent haloperidol-induced increases in dendritic dopamine efflux. Thus, we infer from these results that increased glutamatergic drive to the SN mediates increases in dendritic dopamine efflux in response to systemic administration of haloperidol under these conditions. Moreover, this action of glutamate apparently can be effected via both non-NMDA and NMDA receptor signaling pathways.
The STN is a potential source for increased glutamate drive to the SN in response to systemic haloperidol. Previous work has shown that activation of the STN elicits an increase in nigral dopamine efflux that is mediated by glutamate (Mintz et al., 1986; Rosales et al., 1994 Rosales et al., , 1997 . Evidence consistent with an activation of the STN in response to systemic haloperidol comes from studies showing that systemic haloperidol increases the induction of c-Fos in STN targets, including the SN (Miwa et al., 1998a) .
Furthermore, intraperitoneal injection of group II metabotropic glutamate receptor antagonists reverses haloperidol-induced catalepsy (Bradley et al., 2000) , and postural asymmetries are produced by systemic haloperidol when STN activity is altered unilaterally (Miwa et al., 1998b) . Although these studies cite the STN as a potential source for the hyperactive glutamatergic drive to dopamine neurons after systemic administration of haloperidol, it is noted that electrophysiological studies fail to show a consistent net effect of haloperidol on the firing rate of individual STN neurons (Hollerman et al., 1992) . Other glutamatergic afferents to the SN, including the cortex and pedunculopontine nucleus, also potentially could contribute to the stimulation of dendritic dopamine release in response to systemic administration of haloperidol, but the mechanism whereby systemic haloperidol might activate these structures is less clear based on current models of basal ganglia function (Scarnati et al., 1986; Canteras et al., 1990; Di Loreto et al., 1992; Naito and Kita, 1994; Futami et al., 1995) .
Haloperidol elicits a profound parkinsonian state in humans, and acute administration of haloperidol elicits at least some of the same behavioral and physiological effects that are produced by nigrostriatal dopamine lesion in animals (Ungerstedt and Arbuthnott, 1970; Ranje and Ungerstedt, 1977; Ross, 1990; Zimbroff et al., 1997) . Therefore, to the extent that systemic haloperidol administration can be viewed as acutely modeling the changes that occur in the basal ganglia circuitry in Parkinson's disease (see the introductory remarks), the present data further underscore the likelihood that functional changes in the afferent regulation of SN dopamine neuron function, by glutamate in particular, may contribute to the disease phenotype in the early stages of the disorder. It has been suggested that an increased influence of glutamatergic input from the STN to the SN is present during the presymptomatic period of Parkinson's disease and that this change in afferent regulation of surviving dopamine neurons contributes to the maintenance of dopaminergic function in the nigrostriatal system during this period (Bezard et al., 1997 (Bezard et al., , 1999 . The present data support this notion as well as underscore the contribution of dendritic dopamine release in the SN as an essential component of basal ganglia function Robertson, 1988, 1989; Timmerman and Abercrombie, 1996; Abercrombie and DeBoer, 1997; Crocker, 1997) .
The proposed circuit-based mechanism for the stimulatory action of systemic haloperidol on dendritic dopamine release in the SN is consistent with the hypothesis that relief from autoreceptor-mediated inhibition plays a minor role in this effect (Starke et al., 1989) . In vitro electrochemical studies have shown that electrically stimulated nigral dopamine release is at best weakly influenced by autoinhibition Hoffman and Gerhardt, 1999) . Furthermore, significant increases in nigral dopamine efflux are elicited by systemic but not nigral administration of D 2 dopamine receptor antagonists (Westerink and de Vries, 1989; Westerink et al., 1994; Abercrombie et al., 1998) . Therefore, an alteration in the activity of basal ganglia circuitry and resulting changes in afferent glutamate input to the SN, rather than antagonism of local impulse-and releaseregulating D 2 autoreceptors on nigrostriatal dopamine neurons, best explains the increase in dendritic dopamine release observed in response to systemic haloperidol. An apparently limited role of nigral autoreceptors in the regulation of dendritic dopamine release contrasts strongly with the incontrovertible role of autoregulation in the control of nerve terminal dopamine release. Blockade of D 2 autoreceptors in the SN by haloperidol increases dopamine neuron firing rates (Groves et al., 1975; Pucak and Grace, 1994) , and systemic, nigral, or striatal administration of D 2 antagonists increases dopamine efflux in the striatum (Zetterstrom et al., 1984; Westerink and de Vries, 1989; Westerink et al., 1992b) . Thus, it appears that local blockade of nigral autoreceptors can increase the activity of nigrostriatal dopamine neurons and stimulate nerve terminal dopamine release without affecting dendritic dopamine release. This situation adds further credence to the intriguing possibility that dopamine neuron firing rate and dendritic dopamine release may not always be parallel. Compartmentalization of ionic conductances on membrane regions of the dopamine neuron might allow for dendritic excitability to be independent of firing rate, so that under certain conditions nerve terminal and dendritic dopamine release can be uncoupled (Nedergaard et al., 1988; Grace, 1990; Trent and Tepper, 1991; Tepper et al., 1997) .
In summary, nigral dopamine release in the intact basal ganglia appears to be subject to strong regulation by GABA afferents with little or no apparent influence of glutamate neurotransmission. However, when dopamine neurotransmission in this circuitry is impaired by systemic haloperidol administration, excitatory effects of glutamate on dendritic dopamine efflux supersede the tonic inhibition by GABA, and increases in nigral dopamine release occur. Therefore, these results reveal distinct roles for GABA and glutamate afferents to the SN in the regulation of dendritic dopamine release in these two conditions. Additional investigation into the exact anatomic substrates that underlie these findings will further elucidate the afferent regulation of somatodendritic dopamine release under normal and pathological conditions.
